OBJECTIVES: While hospital mortality after the Norwood operation for hypoplastic left heart syndrome (HLHS) has decreased steadily, interstage mortality until the superior cavopulmonary anastomosis (SCPA) remains a major concern. Our aim was to institute a home surveillance programme to decrease interstage mortality.
INTRODUCTION
Over the last decades, mortality of newborns with hypoplastic left heart syndrome (HLHS) after the Norwood operation has declined steadily due to improvements in surgical techniques and perioperative treatment [1] [2] [3] . However, interstage mortality from discharge after the Norwood operation to the subsequent superior cavopulmonary anastomosis (SCPA) is still a matter of concern with mortality rates between 11 and 15% [3] [4] [5] . After the Norwood operation, the balance between systemic and pulmonary circulations has to be tightly maintained and may be jeopardized by the development of a stenosis of the Blalock-Taussig (BT) shunt, respiratory illnesses or causes of hypovolaemia like feeding difficulties or gastroenteritis. We established a home surveillance programme similar to the one proposed by Ghanayem et al. [6] in an attempt to decrease interstage mortality at our centre. As a new feature of our programme, home surveillance criteria had to be maintained strictly during the week prior to discharge. Surgical technique of the Norwood operation, intraoperative management and post-operative care have been previously reported elsewhere [3, 7] . All patients received anticongestive treatment until SCPA using diuretics and digoxin in the majority of cases. Other infrequently utilized medications included β-blockers and angiotensin-converting enzyme inhibitors.
Patient's characteristics, perioperative data of the Norwood procedure and variables of the post-operative hospital course were analysed. Post-operative complications were evaluated as defined previously [7] . The timing of the subsequent SCPA was compared between the three groups. Informed consent for anonymized data analysis had been obtained for every patient.
Discharge and home surveillance criteria
Parents of the control group received the usual discharge instructions to contact their local physician in the case of any change of clinical status of their child which concerned the parents. Except for the scheduled follow-up visits with the local paediatric cardiologist and paediatrician in appropriate time intervals, no systematic surveillance measures were performed.
The introduction of the home surveillance programme led to a number of changes concerning discharge policy and the subsequent follow-up until SCPA. Prior to discharge, parents had to room in with their children for at least 24 h in order to learn the handling of a vital sign monitor (VitaGuard VG 3100, Getemed), which recorded the heart and respiratory rates and the arterial oxygen saturation (SaO 2 ). In addition, they were educated about the importance of changes in oxygen saturation, weight gain and respiratory status. They were instructed to record daily oxygen saturation, weight and fluid intake.
After discharge, the following criteria had to be maintained at all times or the parents were supposed to call our hospital: oxygen saturation >75%, weight gain of at least 20-30 g in 3 days and a maximum weight loss of 30 g in a day. In addition, home surveillance criteria needed to be met for the week prior to discharge and patients had to be without tube feeding for at least 1 week. An experienced paediatric cardiologist from our centre contacted the local paediatric cardiologist and paediatrician to explain the home surveillance programme. After discharge, the caregivers received a scheduled telephone call from our centre once a week to assess patient's conditions. An experienced paediatric cardiologist handled all phone calls regarding the home surveillance programme and decided if the patient had to be admitted to our centre or to a local hospital.
Statistical analysis
Continuous variables are expressed as the mean and standard deviation or the median and range as appropriate; categorical data as number and percentages. We employed the Fisher's exact test for categorical data and continuous variables were compared with the Student's t-test. Non-parametric tests were performed with the Mann-Whitney U-test. To compare continuous variables between more than two independent groups, one-way ANOVA or the Kruskal-Wallis test was utilized as appropriate. Pairwise post hoc tests were calculated if the global test revealed significant differences between groups. The Bonferroni method was applied for alpha adjustment for multiple comparisons. P-values are displayed after adjustment. All statistical analyses were performed with the statistical software package SPSS 17.0 (SPSS Inc, Chicago, IL, USA). A P-value of <0.05 was considered statistically significant.
RESULTS

Patient characteristics and hospital course
Patient's characteristics, perioperative data of the Norwood procedure and variables of the post-operative hospital course are displayed in Table 1 . No significant differences existed between groups with regard to the distribution of anatomic subgroups. The native ascending aorta diameter was significantly smaller in patients not being discharged after the Norwood operation compared with patients of the control group (P = 0.003). Patients in the home surveillance programme were younger at the Norwood procedure than controls (P = 0.006). No differences between groups were found for weight at the Norwood operation and indexed shunt diameter. Selective cerebral perfusion was less often performed in our group of control patients, which also included patients from the earlier experience of the Norwood procedure, compared with patients of the study group and patients not being discharged after the Norwood procedure (P = 0.001 and P = 0.026). Therefore, the duration of cardiopulmonary bypass was shorter and the duration of deep hypothermic circulatory arrest was longer in patients without home surveillance programme compared with the remainder. The total support time was not different between groups. The median age at the time of discharge after the Norwood operation was similar for patients with and without the home surveillance programme, however, with a larger range in the latter group. Daily weight gain during the hospital stay was significantly higher in the study group compared with the control group (P < 0.001).
Effects of the home surveillance programme
As a consequence of strict adherence to the surveillance criteria during the hospital stay, 11 of the 12 infants, who received inpatient treatment until SCPA during the study period, did not qualify for discharge. Recurrent episodes of cyanosis occurred in three cases, while eight patients showed no adequate weight gain as a result of cardiac insufficiency due to high pulmonary blood flow. The 12th patient had a severe chromosomal disorder (deletion 1p13). In contrast, the number of cases receiving inpatient treatment until SCPA was significantly lower in the control group (8/105 vs. 12/57; P = 0.022). The reasons were distinctly different: two patients suffered severe cardiac failure from pronounced tricuspid insufficiency, two were premature babies with a body weight of <2000 g and one had a complex genetic syndrome. Only one infant with periods of severe cyanosis due to shunt dysfunction was not discharged for reasons similar to those of the vast majority of patients who needed inpatient treatment until SCPA during the study period.
Before the initiation of the home surveillance programme, interstage death occurred in 12 of 97 patients (12.4%). Of them, two patients died suddenly early after discharge (16 and 28 days) without reported prodromi. One patient was admitted shortly after discharge with severe cyanosis and died during resuscitation efforts due to shunt occlusion. In addition, three patients had a viral respiratory illness and another three suffered from weight loss and dehydration due to feeding difficulties or enteritis. The remaining three infants who died before SCPA had substantially different medical problems. The first died after ventriculo-peritoneal shunt surgery related to hydrocephalus, the second had a scimitar syndrome and was not suitable for the Fontan circulation and for the third the cytogenetic diagnosis of a Pallister-Killian syndrome was made after a successful Norwood operation. Because of the poor prognosis, we advised comfort care and the patient died at home without further medical intervention.
In contrast to the relatively large number of deaths before the home surveillance programme, only one girl with mitral atresia/ aortic atresia died after the initiation of the programme (12.4 vs. 2.2%, P = 0.042). Her parents did not timely report the lack of appropriate weight gain, which was then detected by our weekly phone call only. Despite strong advice, the family did not seek immediate medical care and the baby died before medical intervention was possible. An autopsy failed to reveal the cause of death. In the remaining 13 cases not maintaining surveillance criteria, the parents contacted our centre to report that their child breached the surveillance criteria. Low saturations accounted for seven patients, poor weight gain for two patients and both conditions were identified in another four cases. All patients were immediately referred for observation and eight patients subsequently underwent diagnostic cardiac Home surveillance vs. controls, P = 0.001; controls vs. not discharged, P = 0.001. **Home surveillance vs. controls, P = 0.001; home surveillance vs. not discharged, P = 0.003; controls vs. not discharged, P = 0.001. † † Home surveillance vs. controls, P = 0.001; home surveillance vs. not discharged, P = 0.001; controls vs. not discharged, P = 0.001.
CONGENITAL
catheterization. The shunt was replaced by a larger shunt with short periods of cardiopulmonary bypass in two patients. An early SCPA was performed in six cases and five patients were discharged home after observation and underwent elective SCPA later. Table 2 shows a comparison of patient characteristics between study patients who maintained surveillance criteria and those who breached criteria. Only a trend was noticed towards a lower weight at the Norwood operation in the group who missed the surveillance criteria (P = 0.059). After discharge, there were no differences in weight gain or oxygen saturation.
Patient variables at superior cavopulmonary anastomosis
Study group patients were significantly younger and weighed less at the time of SCPA compared with the control group. Infants, who were not discharged after the Norwood operation, were operated at an even younger age and lower weight than those of both other groups (Table 1) . SCPA was performed with a total of five early deaths without significant differences between groups (study group: n = 1, control group: n = 3, not discharged: n = 1).
DISCUSSION
With the introduction of a home surveillance programme, the interstage mortality of HLHS patients treated in our centre decreased significantly from 12.4 to 2.2%. This is in concordance with the results from Ghanayem et al. [6] from Milwaukee who reported a decrease from 15.8% in a group of historic controls to 0% in 24 patients monitored with a home surveillance programme. Recently, Dobrolet et al. [8] published their experiences with a home surveillance programme for HLHS and other shunt-dependent lesions. In contrast to our results and the experiences of Ghanayem et al., they did not note a significant reduction in interstage mortality between 19 study patients with HLHS and 36 patients from a historic control. Besides this, they evaluated the frequency and timing of unplanned admissions attributed to a mandatory clinic visit and their home monitor programme. However, they did not differentiate between admissions detected by the home surveillance programme or by the mandatory scheduled clinic visit. Our results are therefore predominantly discussed with the results of the Milwaukee group and focus the effects of the home surveillance programme. Like the previously mentioned authors [6, 8] , we used a historic control group for comparison with our study patients. Therefore, potential confounding factors including improvements in the supportive care in the last 15 years may also account for the reported outcome. However, in our opinion, surgical modifications like avoidance of circulatory arrest or new treatment strategies in the ICU more likely impact the early post-operative period [3, 7] . The most substantial problems affecting the interstage period like unbalance between the systemic and pulmonary circulation, congestive heart failure, risk of shunt stenosis or recurrent aortic arch obstruction are therefore comparable between the analysed groups.
Discharge policy and discharge conditions
Prior to discharge, we mandated a full week of adherence to the home surveillance criteria. Patients had to be on full oral feedings and without supplemental oxygen to qualify for discharge. In contrast, gastric tube feeding at discharge was accepted in 25% of cases (6/24) and supplemental oxygen supply was necessary in 17% (4/24) of the patients in the Milwaukee group [6] . In our cohort, 11 patients did not meet discharge criteria and underwent SCPA during the same hospital stay. Of these, eight could not be discharged because of heart failure related to pulmonary overcirculation resulting in poor weight gain and the need for tube feeding. Three patients had low oxygen saturations. Despite striving for the smallest possible shunt size, represented by our low-indexed BT shunt area of 2.81 mm²/kg, which was lower compared with previous reports [1, 9] , pulmonary overcirculation was our most important problem in the post-operative course. Inpatient treatment until second-stage palliation did not occur in the initial Milwaukee experience [6] . However, in a recent report of the same authors, 23 of 162 infants (14%) were not discharged prior to SCPA, probably indicating a change of discharge policy [10] .
These distinctions in discharge policy may explain observed differences in discharge conditions between both studies. Patients from the Milwaukee group were sent home 11 days earlier compared with our patients. The weight at discharge in our group was 570 g higher than the weight at the Norwood operation, while in the Milwaukee group, the mean weight at discharge was similar to the weight at surgery [6] . In our experience, the daily weight gain was significantly higher in the surveillance group compared with the control group. This reflects the mandatory weight gain implemented in our surveillance and discharge criteria, especially during the last week of the hospital stay. This was not the case in our control group, where we accepted borderline oral intake and less weight gain. SaO 2 values at discharge were similar in both studies (82 ± 3 vs. 85 ± 3%), but four patients of the Milwaukee group required supplemental oxygen supply to compensate either for poor shunt flow or pulmonary problems.
Interstage course
During the interstage period, 14 patients (31%) failed to maintain surveillance criteria compared with 54% in the Ghanayem et al. study [6] . This difference might be explained by the relatively large number of patients in our cohort who were not thought to be in a stable condition and remained in hospital until SCPA. While the SaO 2 target level of >75% at discharge was the same in both institutions, we decided that the same level should be maintained at home. In contrast, the colleagues from Milwaukee set the lower level at 70%, probably taking into account that SaO 2 would drop with weight gain [6] . Despite this fact, the authors noted worsening hypoxemia as the most important factor for hospital admission during interstage observation (12/24, 50.0%) [6] . Hypoxemia was also the most common reason for readmission in our group but occurred less frequently (11/45, 24.4%). Although our discharged patients had shown adequate weight gain at the end of their hospital stay, insufficient thriving at home occurred with frequency of 13.3%, which was similar compared with the Ghanayem et al.' results (n = 5/24; 20.8%) [6] . Daily weight gain was significantly worse until discharge in our control group, but no difference was observed between both groups at the time of SCPA. In view of the nearly twice as long as the interstage period of the control group, we speculate that cardiac insufficiency improved during the later interstage period allowing for better weight gain, but we do not have data to support this conjecture. Surprisingly, the average weight gain and the mean oxygen saturations after hospital discharge were not different between patients who maintained surveillance criteria and those who breached criteria. This may indicate that the surveillance programme is particularly useful to detect rather acute deteriorations of patients' clinical state. While no patient died in the Milwaukee cohort, there was one interstage death in our patients. In this case, the parents were not compliant with the home surveillance criteria and timely intervention failed. In our control patients, interstage death occurred as a result of viral respiratory illness, which may have effected systemic oxygenation, or insufficient oral intake and gastroenteritis, which-in combination with continued diuretic treatment-may have a critically decreased cardiac preload. These situations can be better detected and managed when guided by a home surveillance programme. However, some other infants died suddenly without clinical prodromi. We hypothesized that death occurred during the periods of systemic hypoperfusion as a consequence of pulmonary hyperperfusion. We often notice this haemodynamic situation during the intermediate post-operative course after the Norwood operation. Patients show fast breathing, pale skin and high oxygen saturations. In this situation, they can rapidly deteriorate unless prompt medical management is instituted to avoid poor outcome. A significant number of patients who underwent inpatient treatment until SCPA certainly belonged to this group. Because of these experiences, we decided that at the time of discharge, oxygen saturations have to be maintained below 90%. This criterion was added to our home surveillance programme recently and the alarm thresholds of the monitor are set accordingly. We believe that this will help to detect the periods of acute pulmonary hyperperfusion in addition to low oxygen saturations.
Superior cavopulmonary anastomosis
In accordance with Ghanayem et al. [6] , age and weight at SCPA in the home surveillance group were lower than in the control group. In addition to the small number of patients who received an unplanned earlier SCPA, we believe that a continuing change in practice over the years to shorten the interstage period was an important contributing factor for this finding.
REVIEW OF PRACTICAL EXPERIENCES
Before discharge of the patient, it was essential to train the parents in multiple sessions in order to improve their understanding of the potential problems their child may encounter at home and to stress the importance of using the monitor continuously in situations when they are not directly interacting with the child. The mandatory rooming in for at least 24 h was very helpful for the parents to get acquainted with the monitor and to deal with alarms. After discharge, an experienced paediatric cardiologist from our centre had regular weekly phone calls with the parents, which was not part of the Milwaukee protocol [6] . In our experience, the phone surveillance has contributed to the success of the programme. Parents used this opportunity for further counselling and the continuity of care provided further reassurance for the families.
LIMITATIONS OF THE STUDY
All comparisons are made based on observational, nonrandomized data and represent a single-centre experience limiting the generalizability of this study. We used a historical control group for comparisons with the study group and therefore potential confounding factors including improvements in the supportive care in the last 15 years may also account for the reported outcome. We had limited information about critical periods in the interstage period of the control group and the circumstances of death were only reported by parents or local physicians. Unfortunately, post-mortems were not available for any infant. Our study is also limited by relatively a small number of patients and evaluation of larger cohorts may provide stronger evidence in the future.
CONCLUSIONS
The home surveillance programme led to an important decrease in interstage mortality. In our experience, the strict adherence to the surveillance criteria before discharge seemed very important as a significant number of patients did not fulfil these criteria and needed inpatient treatment until SCPA. After discharge, we feel that not only the use of the surveillance monitor but also the increased awareness of parents and local physicians about the fragile nature of interstage haemodynamics after the Norwood operation seem most important. The shortening of the interstage period prior to the second stage procedure had no negative impact on early survival of the SCPA.
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